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Abstract 
One of the typical bridge structures has been numerically modeled using finite element programs Scia Engineer and 
ANSYS. Main results from the numerical model were compared to those obtained from experimental testing of the 
structure. These numerical models were calibrated using experimental data from the static and dynamic load tests 
performed. Finally, future research on such structures is outlined. 
 
© 2012 Published by Elsevier Ltd. Selection and review under responsibility of University of Žilina, FCE, Slovakia.  
Keywords: Timber Bridge; Experiment, FEM; Static and dynamic analysis. 
1. Introduction 
Today, engineers and designers have to cope with difficult requirements. Economics of the structural design 
is being taken into account increasingly; which leads to further reduction of capacity reserve margin. The 
structure must fulfill the requirements for strength and reliability, but also has to be as simple and subtle as 
possible. A special group of extremely loaded structures is represented by bridges and footbridges. 
  
Subject of this research is a timber bridge across the Bata’s channel, see Fig. 1(a), at the Village of 
Huštěnovice. Despite its rural location, the bridge should bear heavy and special load conditions – lorries, 
harvesters and other farm machines. One of the main problems expected is natural degradation of the 
glued laminated timber main beams, which are freely exposed to the elements: mainly water, snow and sun. 
In Fig. 1(b) we can see degradation of a main beam resulting in drought crack. In the long run, the resistance 
capacity and overall stiffness of the main beams can decrease rapidly; therefore the aim of our research is 
prediction of such behavior of the structure. The biological degradation is also possible, but timber beams can 
be protected easily.  Hence, this problem will not be further considered in this paper.  
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 (a) (b) 
Fig. 1 (a) Side view of the bridge structure; (b) Degradation of the main beams. 
The structure was experimentally tested; some results are presented in Section 4. In addition to experimental 
tests, the FEM model was created, see Section 3. The aim of this work is to describe the most realistic behavior 
of the bridge structure at first, next to create models reflecting the degradation of the glued laminated timber 
material. 
 
The idea of researching such a problem is not new; some results were already achieved a few years ago 
in cooperation between Technical Universities in Žilina and in Ostrava [1], [2]. 
2. Basic information about the bridge structure 
The bridge superstructure consists of two simply supported glued laminated timber beams, of cross-section 
profiles 280/1800 mm, class GL24h and span of 11.94 m. The axial distance between main beams is 5.28 m 
and total width of the bridge is 5.56 m. Main beams are interconnected with seven frame cross-beams made of 
steel S355. Beams in the frame are made of hot-rolled profiles IPE360. At the ends, 15-mm face plates are 
welded, and the face plate is stiffened by a T-section on the top of the beam. The connection between the main 
beams and frame cross-beams is secured by twelve M20 bolts, grade 5.6. Connections are arranged in two rows 
of six equidistantly located bolts, from the bottom to one-half of the height of the main beam – see Fig. 1(a).  
 
On the top flange of the cross-beams, five longitudinal timber beams are placed, of cross-section profiles 
280/330 mm, class GL 28h, and axial distance of 880 mm. Their positions are secured by bolt connections 
of two M16 bolts, grade 5.6, with steel equal-leg L-profiles of 120×10 mm, which are welded to cross-beams. 
Deck of the bridge is very simple: transverse oak beams of cross-section 160/100 mm are interconnected with 
each of the longitudinal beams with the aid of a couple of M16 wood screws, grade 5.6. The deck beams have 
gaps between each other to ensure free water and dirt diversion. 
 
For this structure, one of the most difficult problems is implied by unknown stiffness and local behavior of 
the connections of steel cross-beams with the main beams. The interaction among all parts of the connections 
(beams, frames, face plates, bolts, washers and nuts) could be numerically modeled, and the stiffness, as well as 
the deformation behavior of the connection, can be studied carefully. Some research was already done in [3, 4]. 
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3. Numerical modeling 
3. 1. FEM model using program Scia Engineer 
The bridge structure was modeled using FEM program Scia Engineer [5], see Figs. 2 and 3(a). 
The numerical model consists of all the above-mentioned main parts: main beams, cross-frames, longitudinal 
beams, and bridge beams respecting all dimensions and eccentricities (using short rigid beams) in connections. 
Because of the orthotropic behavior of the main GL timber beams, these were modeled as orthotropic plates. 
The steel cross-frame was modeled using classical library of hot-rolled profiles and the stiffener was 
approximated by an element of IFBA. The connection between cross-frame and main beam was modeled using 
short rigid beams which were positioned directly to the inner nodes of the orthotropic plate. The longitudinal 
beams were implemented by the beams acting at the eccentricity. All beams of the bridge deck were modeled 
by many individual beams – to exclude the deck plate behavior. 
The results from the numerical analysis were compared with the experimental results, see Sections 4 and 5. 
 
Fig. 2 FEM (Scia Engineer) numerical model – stress distribution applying the self-weight and the testing load 
3. 2. FEM model using program ANSYS 
A more advanced numerical model using program ANSYS 12.0 [6] is currently being developed, see 
Fig. 3(b). Having such a model, which will be calibrated on both experimental and numerical output data, can 
give us a better opportunity to solve problems concerning the real behavior of the structure, namely the 
stiffness of the beam-cross-frame connection, degradation of the GL timber by time, nonlinear analysis of the 
structure, and large deformation problems.  
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At the ANSYS FEM model, the following elements are used: Shell 63 (bridge deck), Solid 45 (steel frame, 
GL timber main beam) and Beam 4 (bolts). One of the problems, which should be solved, is creating a proper 
(fine enough) mesh. Very fine mesh provides more accurate output, unfortunately the calculation time increases 
rapidly (exponentially); therefore, the main focus is now put on the meshing control. The most problematic part 
is the bolt connection between the main beam and steel cross-frame. This connection is modeled separately. 
The simplified (but sufficiently correct) model will be used in full scale modeling. 
 
              
 (a) (b) 
Fig. 3 (a) Scia Engineer FEM model; (b) ANSYS FEM model. 
4. Experiment 
Fist simplified experimental measurement of the static and dynamic response of the above-described 
structure was taken to verify functionality of the measurement set and the FEM numerical model. The 
simplifications of the test included limited number of measured variables, and also the total weight of the 
loading vehicle. The presented test should be understood as an informative test, whose results will be used in 
designing more advanced subsequent static and dynamic tests, which will be focused on the degradation of the 
bridge superstructure in time. The simplified test was aimed at verification of this idea. 
 
The informative test was performed using a measurement set consisting of a power station, uniaxial strain 
gauges 1-LY 41-20/120, and SPIDER8 – a multi-channel electronic PC measurement unit for parallel, dynamic 
measurement data acquisition using a computer. In total, four strain gauges were positioned in the mid-span, 
two at the top fibers (T2 and T5) and two at the bottom fibers (T3 and T4) on both main beams. A connection 
problem occurred on the strain gauge T5; therefore only results from other three strain gauges are presented, 
see Fig. 4(a). Concentration of the strain gauges to the middle of the bridge is good for static load test but the 
second natural shape of oscillation cannot be identified – because of the large stiffness of the bridge and very 
small span, this shape of vibration was not expected.  
 
For economic reasons, the static and dynamic load was represented by a car Renault Master 2.5. The total 
weight of the car with the operator was 2,420 kg. Unfortunately this load deduced only very small growth of 
stress values at the main beams. The measured data can be seen in Fig. 4(a), while Fig. 4(b) shows the stress 
distribution obtained from the FEM model. The stress resilience at the bottom part of the beam is incurred due 
to connection of the frame cross-beam at this point. Comparing the stresses obtained from experiment 
(0.122 MPa) and from numerical model (0.149 MPa), we can verify the accuracy of the model. Of course, more 
advanced results will be presented on the basis of a larger number of experimental data. 
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 (a) (b) 
Fig. 4 (a) Experimental data – measured (static) stress in time; (b) FEM model – stress distribution at the mid-span 
The bridge structure was also loaded dynamically. Some of the results are shown in Fig. 5, which describes 
changes of relative deformations in time on one of the strain gauges due to the moving load. The speed of the 
vehicle was 15 km/h, the record frequency of measured data was 100 Hz. Based on the measured values of 
deflections, the dynamic factor of the load was determined as 1.16. Unfortunately, the load used was too small 
for dynamic analysis of the structure. The vibration frequencies evoked by the testing vehicle did not reach the 
eigenfrequencies of the bridge.   
 
Fig. 5 Dynamic action of the passing vehicle to the bridge structure 
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5. Conclusions 
One of the typical timber bridge structures was studied. The FEM numerical model, which fits the pilot 
experimental measurements, was created. The moving load used for experiments deduced only very small 
growth of stress values at the main beams.  Based on the measured values of deflections, the dynamic factor of 
the load was determined as 1.16, unfortunately vibration frequencies evoked by the testing vehicle did not 
reach the eigenfrequencies of the bridge. More advanced experiments and numerical models are planned. 
Future research will be first focused on material degradation of the timber superstructure. Second, behavior of 
the typical detail, which is used in those modern structures – the bolt connection of the cross-frame with the 
main timber beams, will be investigated. Finally, both of the above-mentioned phenomena will be combined to 
get a prediction on the behavior of such structures in the long run.  
 
Unfortunately, experimental testing should be innovated in order to get better results. Heavier moving load 
should be used for larger stress values on the main structure. A few more measurement points, at least at the 
quarter of the span and closer to the cross-beam frames, should be used to get more data and a better insight.  
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